Industrialized regions in Poland are characterized by high ambient pollution, including polycyclic aromatic hydrocarbons (PAHs) from coal burning for industry and home heating. In experimental bioassays, certain PAHs are transplacental carcinogens and developmental toxicants. Biologic markers can facilitate evaluation of effects of environmental PAHs on the developing infant. We measured the amount of PAHs bound to DNA (PAH-DNA adducts) in maternal and umbilical white blood cells. The cohort consisted of 70 mothers and newborns from Krakow, Poland, an industrialized city with elevated air pollution. Modulation of adduct levels by genotypes previously linked to risk of lung cancer, specifically glutathione S-transferase Ml (GSTM1) and cytochrome P4501A1 (CYP1A1) Mspl restriction fragment length polymorphism (RFLP), was also investigated. There was a dose-related increase in maternal and newborn adduct levels with ambient pollution at the women's place of residence among subjects who were not employed away from home (p<0.05). Maternal smoking (active and passive) significantly increased maternal (p<0.01) but not newborn adduct levels. Neither CYP1A1 Mspl nor GSTM1 polymorphisms was associated with maternal adducts. However, adducts were significantly higher in newborns heterozygous or homozygous for the CYP1A1 Mspl RFLP compared to newborns without the RFLP (p=0.04).
Introduction
Ambient air in certain industrialized regions of Poland is heavily contaminated with polycyclic aromatic hydrocarbons (PAHs) (1) . Krakow is an industrialized city with high air pollution attributed to multiple sources, especially coal burning for industrial purposes and residential heating (2) . Pollution levels are highest in the center of Krakow and decrease toward the periphery. A previous study found lung cancer risk to be significantly associated with residence in the highest air pollution areas of Krakow, controlling for age, smoking, and occupational exposures (2) . For the current cohort, we estimate that in the year preceding the birth of the newborns (1991), the women living in Krakow were exposed to annual average ambient concentrations of respirable particulates ranging from 37 pg/m3 for the least exposed group to 78 pg/m3 for the most exposed. The corresponding concentrations of benzota]pyrene, an indicator PAH, were estimated to be 7 ng/m3 to 15 ng/m3, representing approximately 0.02% of particulate matter (3) .
PAHs readily cross the placenta (4, 5) . Experimental bioassays have shown a number of PAHs to be transplacental carcinogens and developmental toxicants (6) (7) (8) (9) (10) (11) . PAH-DNA adducts represent the net effect of exposure, absorption, activation, detoxification, and repair and thus are a better measure of the individual biologically effective dose of PAHs than estimates of external exposure (12, 13) . PAHs are rapidly distributed systemically (14) , and comparable levels of PAH-DNA adducts across many tissues, including peripheral blood, have been seen in experimental and human studies (15, 16) . Depending on the degree of damage or repair capacity, DNA adducts can be repaired or lead to apoptosis or mutations. A correlation has been observed experimentally between carcinogenicity and adduct formation for a series of mutagens and carcinogens, induding PAHs (17) (18) (19) . A recent case-control study showed white blood cell (WBC) PAH-DNA adduct levels to be associated with increased risk of lung cancer (16) . Among the current cohort, we reported an association between newborn WBC PAH-DNA adduct levels and adverse birth outcomes (20) . Other studies have seen associations between WBC adduct levels and ambient PAH levels measured by areawide (1) carcinogenesis (12) . CYPlAI is an inducible enzyme system that catalyzes the biotransformation of PAHs to phenolic products and epoxides (22, 23 (16, (33) (34) (35) albeit not consistently (36) (37) (38) . Previous evaluations of the association between the CYPIAI and GSTM1 polymorphisms and carcinogen-DNA adduct levels have provided conflicting results (39) (40) (41) (42) (43) .
The current study extends previous research in Poland (1) 
Plasma Cotinine
Levels of cotinine were measured in maternal and umbilical cord plasma using gas chromatography as previously described (3).
Sttscal Analys
PAH-DNA adduct levels in maternal and newborn WBCs were log-transformed to stabilize the variance and obtain a more symmetrical distribution. For samples with nondetectable adduct levels, a value of half the detection limit was assigned prior to transformation. Means the middle (p= 0.05) and high (p= 0.03) pollution areas as compared to the low pollution area.
Maternal WBC PAH-DNA adduct levels were significantly higher in current smokers compared to both nonsmokers and ex-smokers (Table 3) , including ex-smokers who quit during pregnancy (p< 0.01, n= 11) as well as those who quit before pregnancy (p< 0.05, n = 8). Among the current smokers, no association was seen between self-reported number of cigarettes the women smoked per day during pregnancy and maternal adduct levels ( Table  3) . Among nonsmokers, maternal WBC adducts were significantly higher in subjects reporting environmental tobacco smoke (ETS) exposure as compared to those reporting no ETS exposure (Table 3) . No association was seen between maternal adduct levels and self-reported number of cigarettes per day of passive exposure during pregnancy. Further, no association was seen between maternal WBC adduct levels and maternal plasma cotinine levels.
Contrary to results with maternal WBC adduct levels, newborn WBC PAH-DNA adduct levels were not associated with either active or passive smoking status of the mother or the number of (12) 4.8±1.0 (43) 8.7±2.8 (14) aUnadjusted mean±standard error per 108 nucleotides (n). bExposure estimates are more reliable for this group because they are based on data from monitoring stations nearest the residence. (Tables  2 and 3) , nor was there an association between the mother's CYPlAl MspI RFLP or GSTM1 genotype and adduct levels in the newborn. However, in blood samples from the newborn, PAH-DNA adduct levels were significantly higher in WBCs of newborns who were heterozygous or homozygous for the CYPlA] MspI RFLP (MspI-I+,+I+) as compared to newborns without the RFLP (MspI-I-) (p= 0.04).
Discussion
Coal-burning furnaces used for industry and heating are a principal source of ambient pollution within Krakow. The heaviest pollution is found in the older central sections of the city. In the current study, WBC adduct levels were significantly increased in both mothers and newborns residing in the most polluted area, restricted to those women not employed away from home during pregnancy. Exposure estimates are most reliable for this group because they are based on data from monitoring stations nearest the women's residence. Although limited by the small sample size, this finding is consistent with a prior case-control study from Krakow in which a significant association was seen between lung cancer risk and residence in the high pollution area of Krakow (2) . Few prior studies have evaluated associations between ambient air pollution and PAH-DNA binding in newborns. However, a significant association between air pollution and WBC-DNA adduct levels has been reported previously in adult populations (1, 21) .
Active and passive smoking status of the mother was also significantly associated with PAH-DNA adduct levels in maternal, but not newborn, WBCs. There are several explanations for the fact that the relationship between ambient air pollution and adduct levels was similar for maternal and newborn WBCs, whereas the relationship between cigarette smoke exposures and adduct levels differed for mother and newborns. Cigarette smoke may induce more Phase I metabolism in the maternal than in the fetal tissues, or induction of CYPIAJ in placentas of smokers may modulate the biologically effective dose to the fetus (47, 48) . Consistent with our findings, previous studies of adult populations have seen significant associations between active smoking and WBC PAH-DNA adduct levels (16, 49, 50) , although results have not been consistent (51) . Several prior studies using the 32P-postlabeling method, which measures a broad spectrum of adducts bound to DNA, have seen an association between maternal smoking and adduct levels in fetal samples (52) (53) (54) . However, studies using methodologies specific to PAH-DNA adducts have not (52, 55, 56) .
Prior evaluations of effects of ETS exposure on DNA damage are limited and most have not seen an association (57) (58) (59) (60) . However, we previously reported a significant increase in PAH-albumin adducts (a surrogate for PAH-DNA adducts) in children exposed to ETS (61) . ETS exposure is high in Poland. A recent study of nonsmoking women from Poland found that the majority were exposed to ETS either at home or the workplace and that urinary cotinine was detected in 92% of nonsmoking women sampled (62) . In the current study, 58% of the nonsmoking women reported ETS exposures.
To our knowledge, this is the first study to evaluate the association between the CYPIAI MspI RFLP and DNA damage in fetal samples. WBC adduct levels were significantly higher among newborns who were heterozygous or homozygous for the CYPIAI MspI RFLP compared to newborns without the RFLP. However, in maternal samples no association was seen between PAH-DNA adduct levels in maternal WBC and either GSTM1 or CYPIA1 genotypes of the mother. Results of the relationship between adduct levels and the CYPIA1 MspI RFLP and related exon 7 polymorphism (an Ile -* Val substitution in the catalytic region) in other adult populations have been conflicting (39, 41) ; however, an association between WBC PAH-DNA adduct levels and the exon 7 polymorphism was recently seen among smoking U.S. study subjects (42) . Our results suggest that the CYPlAl MspI RFLP may be associated with greater DNA damage in fetal than maternal tissues. A possible mechanism for this difference in susceptibility is lack of fetal expression of GSTM1 (44) , an enzyme system that facilitates conjugation and excretion of reactive PAH metabolites. Another is lower DNA repair efficiency in the fetus relative to the adult (63) (64) (65) , rendering the fetus more sensitive to the effects of the genotype.
Some, but not all, prior studies have shown an association between lung cancer risk and both the CYPIAJ MspI RFLP and exon 7 polymorphism (25, 26, 31) . However, the mechanism(s) by which the polymorphisms could increase DNA adducts and lung cancer risk have not been elucidated (66) . A possible mechanism is higher CYPlAI inducibility or enhanced catalytic activity of the valine-type CYPlAI enzyme (67) . The exon 7 polymorphism has been associated with increased CYPlAl activity (68, 69) , but not consistently (70) . It is also possible that the polymorphisms are linked in certain populations to other mutations important in CYP1A1 inducibility (66) .
Another novel feature of the current study is the measurement of WBC PAH-DNA adduct levels in mother-newborn pairs. Experimental (4, 5) . Therefore, the finding that levels in the newborns were similar to those in the mothers was not anticipated and suggests the possibility of increased susceptibility of the developing fetus to DNA damage. We separately analyzed PAH-DNA adduct levels from mothers and newborns in Limanowa, a rural area outside of Krakow where ambient pollution levels are lower but home use of coal for heating is significantly greater. Among the 67 mother-newborn pairs from Limanowa, mean adduct levels in the newborns significantly exceeded those in the mothers (9.0 ± 1.3 vs 5.6± 0.9 per 108 nucleotides) (71) .
In conclusion, the evidence of significant genetic damage in newborns associated with environmental PAHs raises concern about carcinogenic risks from in utero exposure to this widespread contaminant.
